Facilities housing captive animals are full of staff who, every day, interact with the animals under their care. The expertise and familiarity of staff can be used to monitor animal welfare by means of questionnaires. It was the goal of our study to examine the association between chimpanzee (Pan troglodytes) welfare, happiness, and personality. To these ends we collected two waves of welfare and subjective well-being ratings of 18 chimpanzees housed at the Edinburgh Zoo and one set of ratings of 13 chimpanzees housed at Fundació Mona. Ratings were made on a welfare questionnaire that included 12 items related to stress, psychological stimulation, and behavioural indicators of negative and positive welfare states, and a 4-item subjective well-being questionnaire. In addition, ratings were made on the 54-item Hominoid Personality Questionnaire and an abbreviated version of this scale consisting of 37 antonym pairs. We used generalizability theory to test whether welfare ratings generalized across items, raters, chimpanzees, and time. We then assessed the validity of the welfare and subjective well-being questionnaires by examining their associations with behaviour. Finally, we tested whether the welfare and subjective well-being ratings were associated with personality. Welfare ratings generalized across items, raters, chimpanzees, and time. Principal components analysis and regularized exploratory factor analysis indicated that ten welfare items and all four subjective well-being items formed a single dimension (welfareSWB).
Introduction
The chimpanzee fear grimace, which indicates panic but looks like a smile to humans, is a classic example of how humans can misinterpret animal behaviour and emotion in that, what appears to be the same behaviour in animals and humans, reflects different emotional states (Parr & Waller, 2006) . This mismatch between animal signals and human interpretations of these signals may explain why some researchers find that observer ratings of welfare are not always associated with behaviours, including abnormal behaviours (Lesimple & Hausberger, 2014) . However, animal care staff and researchers with years of education, training, and experience with their charges appear to be able to assess the personalities of these animals (Gosling, 2001; Vazire, Gosling, Dickey, & Schapiro, 2007) and also the animals' well-being (Diener & Chan, 2011; Gartner & Weiss, 2013) . However, there is still debate about whether members of staff or other observers can reliably assess animal welfare (Meagher, 2009; Whitham & Wielebnowski, 2009) .
Welfare is traditionally measured by coding behaviours believed to indicate negative or positive welfare, or by collecting physiological measures, such as blood cortisol. These approaches are, however, time consuming and/or expensive. Welfare questionnaires, on the other hand, can cover a broad set of states, and can be designed to be brief (Clarke, Pluske, & Fleming, 2016) . These questionnaires can thus be used to rapidly and inexpensively assess welfare (Whitham & Wielebnowski, 2009 ). Ratings are also based on staff knowledge (Meagher, 2009) , which is an underused resource. When welfare ratings are studied in combination with traits, such as personality, they can help further our understanding of why some animals do better in captivity than others.
In previous study (Robinson et al., 2016) , we designed a 12-item welfare questionnaire for use in brown capuchins (Sapajus apella). For that study we collected observer ratings of personality and happiness, the latter being measured using the subjective well-being questionnaire (King & Landau, 2003) , which was based on measure of human happiness (Sandvik, Diener, & Seidlitz, 1993) . Observers agreed on their ratings of welfare and that welfare and happiness were measuring the same construct in brown capuchins.
Welfare and happiness were positively associated with brown capuchin Sociability, Assertiveness, and Attentiveness, and negatively associated with Neuroticism.
To extend these findings across primates, we sought to conduct a similar study with another nonhuman primate species. To these ends, chimpanzees (Pan troglodytes) are an ideal study species due to the high number that reside in zoos, sanctuaries, and research facilities, and the welfare challenges captivity may pose for them (Hosey, 2005) . We also tested whether observer ratings of welfare are valid by examining their association with behavioural indicators of welfare states. Behaviours associated with positive welfare in chimpanzees include prosocial grooming (Martin, 2005) and play behaviour (Held & Špinka, 2011) .
Behaviours commonly associated with negative welfare include rocking and pacing (Jacobson, Ross, & Bloomsmith, 2016) .
Previous research has shown that ratings of chimpanzee happiness and behavioural indicators of chimpanzee welfare are associated with personality. Chimpanzees with higher Dominance, Extraversion, Agreeableness, and Openness and lower Neuroticism have higher subjective well-being (King & Landau, 2003; Weiss et al., 2009) . Chimpanzees higher in Neuroticism also perform more self-directed behaviours, such as scratching (Herrelko, Vick, & BuchananSmith, 2012) . However, we do not yet know whether chimpanzee subjective well-being and welfare states, such as stress frequency and physical health, are related. Moreover, research is needed to determine whether and how chimpanzee personality is related to a more extensive set of welfare indicators.
To address these questions we collected ratings of welfare, subjective well-being, and personality in chimpanzees. Our first aim was to test the degree to which staff agreed in their ratings on an existing welfare questionnaire. Our second aim was to test whether there were associations between ratings on the welfare scale and ratings on the subjective well-being questionnaire. Our third aim was to test for associations between the ratings and observed behaviours. Our fourth aim was to test for associations between welfare, subjective wellbeing, and personality.
Methods

Ethical approval
Our study was observational and non-invasive. Approval was sought and gained from the Edinburgh Zoo's Budongo Trail Research Committee on 3 July 2014, by the Edinburgh Biological Services Unit on 11 March 2014 (AWERB No: OS04-14), and by Fundació Mona's head researcher, Dr. Miquel Llorente, on 10 March, 2015.
Subjects
We studied 31 chimpanzees, of whom 17 were males that ranged in ge from 12.32 to 51.05 years (mean = 27.04 years ± SD = 10.06 years). Of these chimpanzees, 8 males and 11 females were housed at the Royal Zoological Society of Scotland's Edinburgh Zoo and 9 males and 4 females were housed at Fundació Mona in Girona, Spain. The Edinburgh Zoo chimpanzees lived in 1832m 2 enclosure with outdoor and indoor areas, each with complex climbing structures, and ropes (Schel et al., 2013) . The Fundació Mona chimpanzees lived in a 5640m 2 naturalistic outdoor enclosure. The enclosure is divided in two areas (2420m 2 and 3220m 2 ) and contained natural grasses, wooden platforms, towers and ropes. Additional details on the Edinburgh Zoo chimpanzees and Fundació Mona are available in Schel et al. (2013) and Úbeda and Llorente (2015) , respectively.
Instruments and observations
We used four questionnaires: the welfare questionnaire (Robinson et al., 2016) , the subjective well-being questionnaire (King & Landau, 2003) , the Five Factor Model Questionnaire (Úbeda & Llorente, 2015) , and the Hominoid Personality Questionnaire (Weiss et al., 2009 ). Úbeda and Llorente translated the welfare and subjective well-being questionnaires into Spanish 1 and put them into an Excel spreadsheet. We also used existing behavioural data.
Welfare questionnaire
The welfare questionnaire is comprised of three sections. In the first section, raters are instructed to answer questions about themselves and to explain the signs they use as indicators of positive and negative welfare, for example, "What signs (both physically and behaviourally) do you use as an indication that an animal has positive welfare?" The second section consists of a 12-item welfare questionnaire that is based on the factors---social relationships, mental stimulation, physical health, stress, and control---that McMillan (2005) identified as important welfare domains. The questionnaire design was also influenced by descriptions of animal stress, coping, and physical health (see Broom & Johnson, 1993; Broom, 1991 Broom, , 2007 . The wording of the ninth and tenth question was influenced by the quality of life scale (Table 3 in Green & Mellor, 2011) . Printed instructions asked raters to answer each question using a five-point scale, which includes answers that range from "very bad" to "very good" (e.g. Boissy et al., 2007; Yeates & Main, 2008) . The third section asks for demographic details on animals, including their date of birth and sex.
Subjective well-being questionnaire
The chimpanzee subjective well-being questionnaire is comprised of four questions relating to the animal's ability to achieve their goals, the animal's satisfaction with social relationships, the amount of time the animal is happy, and how happy the rater would be if they were that animal for a week (King & Landau, 2003) . For each item, raters are instructed to indicate on a Likert scale ranging from 1 "Displays either total absence or negligible amounts of the trait or state" to 7 "Displays extremely large amounts of the trait" the standing of a particular animal.
Personality questionnaires
1 The English version of the welfare questionnaire can be found in the supplementary materials and the original questionnaire can be found in Robinson et al. (2016; Appendix A) .
Ten of the Fundació Mona chimps were rated on the chimpanzee Five Factor Model questionnaire (Úbeda & Llorente, 2015) . This questionnaire was based on King and Figueredo's (1997) Chimpanzee Personality Questionnaire. The Five Factor Model questionnaire includes 38 Spanish antonym pairs (Úbeda & Llorente, 2015) . Each chimpanzee is rated on a seven-point scale where one word is assigned a "1" and its antonym is assigned a "7". An example item is "Sumiso [Submissive] (1) vs. Dominante [Dominant] (7)".
The 18 Edinburgh chimpanzees were rated on the Hominoid Personality Questionnaire, which consists of 54 items and is an expansion of the Chimpanzee Personality
Questionnaire (Weiss et al., 2009 ). Each item consists of an adjective followed by one to three descriptive sentences, e.g., "GENTLE: Subject responds to others in an easy-going, kind, and considerate manner. Subject is not rough or threatening." Each chimpanzee is rated on a seven-point Likert scale from 1 "Displays either total absence or negligible amounts of the trait." to 7 "Displays extremely large amounts of the trait."
Behavioural observations
Behavioural data has been collected on the Edinburgh Zoo chimpanzees by researchers since 2012. Researchers collect data on variable days and at variable times between 09:00 and 17:00. Observations occur over 30-minute periods and are focussed on one area of the enclosure, with researchers performing three 10-minute focal observations on different chimpanzees, with an instantaneous group scan sample in between each focal. This creates the following observation schedule: group scan, 10-minute focal, group scan, 10-minute focal, group scan, final 10-minute focal, final group scan.
At these scan points, the identity and activity of each chimpanzee who was visible in the observed area was recorded. Each chimpanzee was recorded as resting, travelling (walking, running), climbing, foraging (moving around, looking for food), eating, playing, autogrooming, displaying, receiving or giving grooming, mutual grooming, fighting, or "other". Chimpanzees not visible were recorded as "out of sight". Operational definitions for these behaviours are available in Supplementary Table 1 . Data collected from focal observations were primarily binary, that is, the behaviour did or did not occur during the focal sample period. During the 10-minute focal observations, a point sample of the focal animal's nearest neighbour (identity and distance in metres) was taken at the start of the focal period.
Zero-one sampling of the occurrence of the following behaviours was then recorded for the duration of the 10-minute focal sample: displaced by other, displace other, regurgitation, coprophagy, urophagy, allogrooming, autogrooming, eating, auto-hairplucking, hairplucked by other, and hairpluck other.
Data collection
The welfare and subjective well-being ratings of all the chimpanzees were collected questionnaires, missing data were replaced with the overall mean for that item (Downey & King, 1998) .
Data analysis
Unless otherwise stated, statistical analyses were performed using R version 3.1.1 (R Development Core Team, 2014).
Generalizability analysis of welfare and subjective well-being ratings
Because our data on welfare and subjective well-being contained four sources of variation or facets: Rater, Chimpanzee, Time, and Item, we used the framework of generalizability theory, of which interrater reliabilities are a special case, to assess reliability (Webb, Shavelson, & Haertel, 2006) . For our study, we carried out a generalizability study on the facets and their interactions. We evaluated every combination of facet interaction using maximum likelihood estimation and linear mixed models, with the R package 'lmer'.
Interrater reliabilities of the personality items
The reliability of chimpanzee personality items has been described (King & Figueredo, 1997; Weiss et al., 2009) , and as we only measured personality at one time point, it was not possible to evaluate reliability across time. However, to examine the reliability of personality items between raters, we used two intraclass correlations or ICCs. The first, (3, 1) , indicates the reliability of individual ratings, and the second, ICC (3,k) , indicates the reliability of mean ratings across k raters (Shrout & Fleiss, 1979) .
ICC
Principal component analyses and regularized exploratory factor analyses
To create a single item score for each chimpanzee, we took the mean of the items for the welfare and subjective well-being item across raters. If these scores were consistent across Time 1 and Time 2, then we aggregated across both time points. We performed three principal component analyses (PCA) and three regularized exploratory factor analyses (REFA) (Jung & Lee, 2011) . The first included the welfare items and the subjective wellbeing items. The second of each of these analyses included the welfare items. The third included the subjective well-being items. To determine the number of components to extract we used parallel analyses using the paran function (Dinno & Dinno, 2010) and inspected the scree plots. We used the principle function (Revelle, 2011) to perform the PCAs. We conducted the REFAs in MATLAB (R20014b) using code provided by Sunho Jung.
We then created unit-weighted component scores (Gorsuch, 1983) based on the three structures delineated by the PCAs and REFAs. To do so, items with loadings less than |0.4|
were assigned a weight of zero, items with loadings that were greater than or equal to 0.4
were assigned a weight of +1, and items with loadings that were less than or equal to -0.4
were assigned a weight of -1. If an item had loadings greater than |0.4| onto two components or factors, we assigned the item to the component or factor with the highest loading.
Personality component scores
Because 
Regression of welfare component and observed behaviour
In exploratory analyses, we examined the focal and scan data during two time frames; of the three months before and of the three months after each of the two welfare and subjective well-being rating time points. At Time 1 our models were based on 253 focal observations (mean per chimpanzee ± SD = 14.06 ± 2.69), from July to December, 2014. At Time 2, our models were based on 105 focal observations (mean per chimpanzee ± SD = 5.83 ± 1.42), taken between January and June, 2015. While the amount of scan data was larger (5471 records at Time 1, 2553 at Time 2), each record contained only a single behaviour for each chimpanzee, whereas within our focal data, each row contained many different bits of information, one bit for each behaviour, e.g. aggression or grooming.
For regression modelling we tested for associations between component scores representing welfare and observed behaviours. The sparsity of the behavioural data was problematic for ordinary least squares regression. We therefore we used least absolute shrinkage and selection operator (LASSO) regression for variable selection as it is robust to the effects of sparse data (Zou & Hastie, 2005) . LASSO regression operates by iteratively increasing the penalty against each estimate in the regression, and will eventually reduce an estimate to zero and remove it from the model if it does not make a significant contribution to model fit. LASSO can thus be used as a computationally objective alternative to model selection functions like the Akaike Information Criteria and log-likelihood difference tests.
LASSO models also produce accurate parameter estimates like other linear models. We used the 'glmnet' package (Friedman, Hastie, Simon, Tibshirani, & Hastie, 2015) to run the LASSO regressions.
Correlation of welfare, subjective well-being, and personality components
For the 28 chimpanzees rated on personality, component scores based on the welfare and subjective well-being structures were correlated with the six chimpanzee personality dimensions using Spearman-rank correlations. The welfare and subjective well-being components were also correlated using the same method.
Linear models of welfare, subjective well-being, and personality dimensions
We fit linear models using the lm function. Our dependent variables were the component score or scores based on the PCA and REFA of the welfare and subjective wellbeing items. The predictors included sex, age, and facility, which served as covariates, and the six personality component scores. Age and the personality component scores were mean centred and divided by two standard deviations to make their effect sizes comparable to those for facility and sex (Gelman, 2008) . The dependent variables were converted into z-scores.
We used the MuMIn package (Barton, 2015) to calculate the marginal r 2 , which indicates the amount of variance in each model.
As the personality questionnaires used to rate the chimpanzees at Edinburgh Zoo and Fundació Mona differed, we ran additional linear models excluding the ten Fundació Mona chimpanzees. If we found similar effects, both in terms of size and direction, then this would suggest that the results were unaffected by the use of different questionnaires.
Results
Generalizability theory and reliability
The variance components of the generalizability study are shown in Table 1 . The majority of the variance (excluding the residual) in responses to the questionnaire is captured by the Item facet, which captures the variation between answers to different questions. Other facets that captured more than 0% of the variance include Subject and Subject × Item, both of which reflected the variation in welfare we would expect to see across a group of chimpanzees with differing mental and physical health.
---Insert Table 1 About Here ---
The generalizability coefficients in Table 2 represent the reliability of the individual items, i.e., how consistently they are used, across different chimpanzees, different raters, and different study waves. All but three of these coefficients are strong (> 0.8) and all coefficients are greater than 0.6. In small sample animal studies, these estimates are within reason (Figueredo, Cox, & Rhine, 1995) and alone, do not suggest that any items should be removed from further analysis.
The overall generalizability of the instrument was ρ 2 = 0.92, and so was well above all minimum acceptable standards (0.7 to 0.8) (Hernandez-Lloreda & Colmenares, 2006) , indicating that the relative (or between-individual) reliability is strong. The overall dependability (Φ = 0.82) also indicated that the absolute (or within-individual) reliability was strong.
All 37 personality items were found to be reliable (Supplementary Table 3 ). The ICC(3,1) estimates ranged from 0.11 to 0.59 with a mean of 0.36 and the ICC(3,k) estimates ranged from 0.59 to 0.94 with a mean of 0.84. Table 2 About Here ---
---Insert
PCA and REFA of welfare and subjective well-being items
The parallel analysis and scree plot revealed that the four subjective well-being items with the 12 welfare items all 16 items loaded onto a single component (Table 3 , left panel), which we named welfareSWB. We also found a single component structure when we performed separate PCAs and REFA with the 12 welfare items (Table 3 , middle panel) and four subjective well-being items (Table 3 , right panel). The REFA revealed that the welfare items relating to the physical health and stress frequency did not have loadings that exceeded |0.4|. We therefore did not include these items in our component scores.
---Insert Table 3 About Here ---
Regression of welfare and subjective well-being components and observed behaviour
Every instance of each behaviour on the focal and scan ethograms that could be related to welfare was included in our models. These focal behaviours were regurgitation, coprophagy, urophagy, allogrooming, autogrooming, autoplucking, plucked by other, pluck other, and distance to nearest neighbour. The scan sample behaviours included were resting, playing, autogrooming, aggression (displaying), receiving or giving grooming, mutual grooming, and fighting. Out of sight and "other" were included as control variables.
Individual recordings of these behaviours were regressed onto the welfareSWB component using LASSO regression. We created two models for focal behaviours (one for each time point) and two models for scan behaviours (one for each time point).
The LASSO models predicting welfareSWB ratings from focal behaviour are shown in Table 4 . In the first model, negative behaviours, such as regurgitation and coprophagy, were retained. The more instances of these behaviours observed, the lower the individual's welfareSWB score. The other behaviours included were social, e.g. grooming, distance to nearest neighbour, which were related to lower welfareSWB. Table 4 About Here ---
---Insert
The smaller coefficients in the first model could have been retained as a result of noise. This bears out in the second regression, which is modelled with fewer observations, and does not retain grooming or plucking with the same sign in both models. The second regression is thus useful for determining which variables consistently predict welfare.
Regurgitation, coprophagy, and urophagy were retained in the second model, with the same signs and similar effect sizes. The only other variable to be retained was nearest neighbour distance, which also had a negative and small effect size.
Effect sizes for the LASSO models of the scan samples were smaller and less consistent between time points (Table 5) . The scan models retained resting, playing, and "out of sight", with the same sign in both models. Chimpanzees who were resting were not engaged in other behaviours, most of which were positively associated with welfareSWB.
---Insert Table 5 About Here ---3.4 Correlation of welfare, subjective well-being, welfareSWB, and personality
The welfare and subjective well-being components were highly correlated (rs = 0.95, 95% CI = 0.90 to 0.98). Higher Openness and lower Neuroticism were associated with higher welfare, subjective well-being, and welfareSWB; higher Extraversion was associated with higher subjective well-being and welfareSWB (Table 6 ).
---Insert Table 6 About Here ---
Linear models of welfareSWB and personality dimensions
In the model of welfareSWB predicted by the personality dimensions we found that chimpanzees who were higher in Extraversion and lower in Neuroticism were higher in welfareSWB (Table 7) . This held true for models predicting welfare but there was no association between personality and subjective well-being (Supplementary Table 4 ). There were no significant effects of age, sex, or facility in any model predicting the welfare, SWB, or welfareSWB.
---Insert Table 7 About Here ---As a sensitivity check, we ran the same models, but only included the 18 Edinburgh Zoo chimpanzees. We found that personality was not significantly associated with the subjective well-being, welfare, or welfareSWB, but that the directions of the effects were unchanged. The only exceptions to this were for Agreeableness in all models and the association between sex and subjective well-being. In both cases, the direction of the effect flipped from positive to negative (Supplementary Table 5 ). This suggests that we did not find significant associations due to the reduced sample size and low statistical power.
Discussion
We found that staff familiar with captive chimpanzees agreed on ratings of welfare and happiness. These ratings were highly correlated and comprised a single dimension, welfareSWB. Higher welfareSWB scores were associated with behavioural indicators of positive and negative welfare states, a finding that was replicated across two time points.
Higher welfareSWB scores were associated with higher Extraversion and lower Neuroticism.
These results are consistent with previous studies of brown capuchin monkeys (Robinson et al., 2016) and happiness in nonhuman primates (Schaefer & Steklis, 2014; Weiss et al., 2009 ).
Higher welfareSWB was associated with behaviours, including, but not limited to, regurgitation, urophagy, and coprophagy, as well as with lower frequencies of resting and greater distance from conspecifics. The negative association between resting and welfareSWB likely reflects a lack of independence between observations; when a chimpanzee is resting, he or she is not doing something more enjoyable, for example, engaging in social behaviours.
We expected that chimpanzees who played more would be rated as higher in welfare, but the opposite was true. This may be because, although play is often considered a sign of positive welfare, it can be higher in stressful situations (Held & Špinka, 2011) . When we examined our data, we found that there were few observations of play and that these instances were observed in a select group of females at Edinburgh Zoo. It may be that individuals who spend more time playing alone may lack the social standing to engage in prosocial grooming and other social activities.
Welfare ratings were stable over time and the variation across time that we did find was not easily attributable to any particular source. It may be that that there were no events strong enough to influence welfare, such as the introduction of a new group member (Brent, Kessel, & Barrera, 1997) . It may be worth evaluating welfare ratings before and after such a major change to see how the chimpanzees and corresponding ratings are affected. An alternative explanation for this finding is that our welfare and subjective well-being instruments are not sensitive enough to detect small changes in welfare or subjective wellbeing over short periods of time. To test this future studies could include additional indicators of welfare, such as self-injury and cortisol levels. As there is now work validating animal welfare and personality questionnaires, future studies may want to examine how ratings are influenced by characteristics of the observers, such as their gender, experience, and understanding of animal welfare.
Chimpanzees who were higher in Extraversion and lower in Neuroticism were rated as being happier and having higher welfare. Similar associations have been found in humans (DeNeve & Cooper, 1998; Steel, Schmidt, & Shultz, 2008) , gorillas (Schaefer & Steklis, 2014) , orangutans (Weiss, King, & Perkins, 2006) , and rhesus macaques (Weiss, Adams, Widdig, & Gerald, 2011) . This consistency of this finding across the primate order suggests that emotional stability and sociability are pillars of primate happiness. This finding may be unsurprising given the social nature of primate species and the influence that emotional stability has on health (Chapman, Roberts, & Duberstein, 2011; Goodwin & Stein, 2003) .
Further research to determine the degree to which this association is across primates and other orders of animal.
The association between Extraversion and welfare is consistent with the literature demonstrating the importance of social relationships in nonhuman primates (reviewed by McCowan et al., 2016 and Olsson & Westlund, 2007) and the association between social relationships and well-being in humans (Jose, Ryan, & Pryor, 2012; Pavot, Diener, & Fujita, 1990) . In nonhuman primates, the presence of a social partner and the quality of social relationships are associated with reduced risk of self-injury (Lutz, Well, & Novak, 2003; Rommeck, Anderson, Heagerty, Cameron, & McCowan, 2009) . Furthermore, primates with higher quality relationships exhibit lower levels of stress (Wittig et al., 2008) and reduced parasite loads (Akinyi et al., 2013) . The association between higher welfare and happiness and lower Neuroticism matches a 2012 study of the Edinburgh Zoo chimpanzees, which found an inverse association between Neuroticism and self-directed behaviours, including self-rubbing (Herrelko et al., 2012) .
Our results deviated some from previous findings. For one, Weiss et al. (2009) found that higher Dominance, Agreeableness, and Openness were associated with higher subjective well-being. Similarly, King and Landau (2003) found that higher subjective well-being was associated with higher Dominance, Extraversion, and Dependability (since renamed Conscientiousness). In the present study, higher Extraversion and lower Neuroticism were only associated with higher welfare and welfareSWB. The reason for this may be that we lacked the statistical power to detect these associations. This could be tested by extending our data collection to include additional facilities, thus increasing our sample size and statistical power. Even with a limited sample size we found significant associations between welfare, welfareSWB, and Extraversion, and between lower Neuroticism. This suggests that these personality dimensions play an important role in chimpanzee welfare.
Overall, these findings suggest that questionnaire may be useful for improving animal welfare. For example, facilities housing chimpanzees can use these questionnaires to identify chimpanzees that are lower in Extraversion and higher in Neuroticism and behaviourally monitor the welfare of these individuals more carefully. These facilities may also be able to use the welfare questionnaire to track welfare over time to provide interventions when welfare is compromised. Whitham and Wielebnowski (2009) outline automated ways to do so, such as online questionnaires that notify keepers when ratings change drastically. Finally, these questionnaires can be used to identify chimpanzees at low risk, so that time resources dedicated to enrichment can be effectively allocated.
More than ever, animal welfare is at centre stage. In fact, in 2015, when Francis
Collins, director of United States National Institutes of Health, announced the removal of chimpanzees from biomedical research, he cited the need to track the chimpanzees' welfare when they were moved to sanctuaries (Collins, 2015) . However, he did not mention how welfare would be assessed. Questionnaires offer a quick and easy-to-use way to monitor chimpanzee welfare and can be integrated into common husbandry practice and applied during major changes in the circumstances or chimpanzees and other nonhuman primates. As we demonstrated here, the reliability and validity of welfare ratings makes it worthwhile to expand this line of research to include other species.
